Introduction
============

Pars plana vitrectomy was first developed by Machemer et al in 1972.[@b1-opth-7-1471] Many advances have since been developed in vitrectomy techniques and instrumentation. Since the implementation of transconjunctival sutureless vitrectomy (TSV),[@b2-opth-7-1471],[@b3-opth-7-1471] numerous studies have analyzed different aspects of sclerotomies, such as the presence of vitreous incarceration in sclerotomies.[@b4-opth-7-1471]--[@b11-opth-7-1471] This vitreous entrapment may work as an incisional plug, favoring postoperative sclerotomy closure; nevertheless, it has also been related to some postoperative complications, such as peripheral retinal tears,[@b12-opth-7-1471]--[@b14-opth-7-1471] acute endophthalmitis,[@b15-opth-7-1471] and fibrovascular proliferation.[@b16-opth-7-1471] Vitreous shaving around the sclerotomy sites[@b17-opth-7-1471] and removing the scleral cannulas over the light probe at the end of the vitrectomy[@b18-opth-7-1471] have been related to less postoperative vitreous incarceration.

When performing vitrectomy, the vitreous cutter (usually dominant hand) ordinarily rotates more around the sclerotomy and reaches more extreme positions inside the eye, when compared to the illumination probe (usually nondominant hand). This increase in manipulation would induce a wider dilation of the sclerotomy, and secondarily would influence the postoperative vitreous incarceration rate. In our study, we analyze the effect of sclerotomy use on incisional vitreous entrapment immediately after TSV, by direct visualization. This evaluation method is superior to other indirect viewing techniques, such as ultrasound biomicroscopy (UBM) or anterior-segment optical coherence tomography (AS-OCT), in the detection of vitreous entrapment.[@b19-opth-7-1471] With the aim of analyzing in detail the influence that sclerotomy use may exert on postoperative vitreous incarceration, we considered it appropriate to study not only the rate but also the amount of the vitreous incarceration observed in the scleral incisions. Given the invasive nature of the procedure performed, we resolved to use an experimental animal model. The fact that pig eyes are easy to obtain, as well as their similarity with human globes,[@b20-opth-7-1471]--[@b23-opth-7-1471] justified the choice of porcine eyeballs. Previously, in another animal sample, we analyzed the effect of the cannula-extraction technique on vitreous incarceration.[@b18-opth-7-1471]

Materials and methods
=====================

This experimental, randomized, observer-masked study included 46 pig eyes (*Sus scrofa domesticus* species). Exclusion criteria were presence of refractive media opacities, scleral alterations, and intraoperative complications. All eyes were obtained 3 hours after pig death and were kept in cold storage at 4°C before use, with the aim of preserving the properties of all ocular tissues, including the vitreous gel.[@b24-opth-7-1471] Given that the globes were obtained from pigs killed for human consumption from a regulated slaughterhouse, no statements for the use of animals in ophthalmic research were applicable.

The 23-gauge sclerotomies (23-gauge TSV system; Alcon Laboratories, Fort Worth, TX, USA) were performed using an oblique incisional technique 4 mm from the limbus.[@b25-opth-7-1471] One of the authors (LLG) performed vitrectomy with the infusion pressure set at 40 mmHg, until the vitreous cavity was judged optically empty, using the Accurus vitrectomy system (Alcon Laboratories). Vitrectomy was also performed all around each perisclerotomy area by inserting the vitrectomy probe through both superior cannulas. After checking that balanced salt solution flowed freely through the superior cannulas, the infusion pressure was lowered to 5 mmHg and the superior cannulas were extracted with the plug inserted, following their oblique incisional pathways. Finally, intraocular pressure was raised to 10 mmHg, the infusion line was clamped, and the infusion cannula was taken out with the clamped infusion line inserted.

Eyes were cut and divided in two portions through the posterior third coronal plane of the globe. We first performed a penetrating incision parallel to the limbus with a scalpel, and then we completed the cut around the globe with Westcott scissors. Finally, slit-lamp photographs of the internal sides of the sclerotomies were taken ([Figure 1](#f1-opth-7-1471){ref-type="fig"}). The image sequences obtained were reviewed, and one snapshot from each sclerotomy was selected for presentation in a masked fashion to one of the authors (JBH), who classified the sclerotomies according to the grade of vitreous incarceration in the wound. Grade 0 (G0) was defined as absence of vitreous incarceration at the sclerotomy site, grade 1 (G1) was considered as the presence of delicate vitreous strands directed to the inner hole of the incision, and grade 2 (G2) was classified as the existence of thick vitreous strands aimed toward the sclerotomy ([Figure 2](#f2-opth-7-1471){ref-type="fig"}). The injection of triamcinolone acetonide, which stained the intraocular residual vitreous, allowed us to visualize the incisional vitreous strands clearly.

Statistics
----------

For all statistical tests, *P* \< 0.05 was considered the significance level. To compare the effect of sclerotomy use (vitrectomy, light pipe, or infusion line) on the presence or absence of vitreous incarceration, without considering the amount of incisional vitreous in grades (G0 versus G1 + G2), we used the Chi-squared test. In turn, to compare the vitreous entrapment grades (G0, G1, or G2) obtained in the different sclerotomy groups, we used the Kruskal--Wallis test. Finally, to analyze the vitreous incarceration rate and grade found in superior sclerotomies (manipulated by dominant or nondominant hand) compared to infusion sclerotomies, used as controls, we employed the chi-squared test and the Mann--Whitney *U* test, respectively. Statistical analyses were performed using StatView + Graphics (SAS Institute, Cary, NC, USA).

Results
=======

Postmortem vitreous was clear in all globes. Most eyes did not present posterior vitreous detachment; however, for studying vitreous incarceration in anterior sclerotomies, we did not need to extract posterior hyaloid but just enough core and anterior vitreous to allow balanced salt solution to flow freely through the cannulas after removing the instruments. No intraoperative complications, such as retinal breaks or retinal detachments, were detected in any case.

Considering the 46 sclerotomies used by the dominant hand (vitrectomy probe), four had no signs of vitreous entrapment (G0 8.7%), 20 had minimal vitreous strands incarcerated (G1 43.5%), and 22 had thick vitreous strands entrapped (G2 47.8%). Taking into account the sclerotomies used by the nondominant hand (illumination pipe), two had no signs of vitreous incarceration (G0 4.3%), 21 presented minimal vitreous entrapment (G1 45.7%), and 23 showed intense vitreous incarceration (G2 50%). Regarding the incisions used by the infusion line, three were free of vitreous entrapment (G0 6.5%), 21 had delicate vitreous strands (G1 45.7%), and 22 presented incarcerated thick vitreous strands (G2 47.8%) ([Figure 3](#f3-opth-7-1471){ref-type="fig"}).

When the presence of incisional vitreous incarceration was analyzed in the sclerotomies according to their use, without considering the amount of vitreous entrapment in grades (G0 versus G1 + G2), we did not find significant differences (*P* = 0.7, chi-squared test). In turn, when we compared the vitreous incarceration grades (G0, G1, or G2) observed in each sclerotomy group, we did not find significant differences either (*P* = 0.92, Kruskal--Wallis test). Finally, when the rate and the grades of vitreous incarceration observed in superior sclerotomies (vitreous cutter and light-probe sclerotomies) were compared to vitreous entrapment in infusion sclerotomies, used as controls, no significant differences were found (*P* = 1, Chi-squared test; *P* = 0.91, Mann--Whitney *U* test).

Discussion
==========

The risk of postoperative complications due to the presence of vitreous incarceration[@b12-opth-7-1471]--[@b16-opth-7-1471] has encouraged investigators to analyze the influence that sclerotomy use may have on vitreous entrapment rate after vitrectomy. In that sense, Bhende et al[@b26-opth-7-1471] and Yeh et al[@b27-opth-7-1471] evaluated the presence of incisional vitreous after 20-gauge vitrectomy. These studies, performed with UBM 2 months after the operations due to the risk of microbial contamination of the fresh wounds, revealed no significant differences in vitreous incarceration rates between the three incision groups compared.

The establishment of 23- and 25-gauge TSV[@b2-opth-7-1471],[@b3-opth-7-1471] as first-choice vitrectomy techniques for most vitreoretinal surgeons, and the differences they possess compared to conventional 20-gauge vitrectomy (oblique sclerotomies, narrower gauge, and no suture at the end of the surgery), make it necessary to deeply reassess the influence of sclerotomy use on postoperative vitreous incarceration in these microincisional sclerotomies. Ahmadabadi et al[@b9-opth-7-1471] evaluated with UBM the presence of vitreous incarceration in 30 eyes operated on with 20-, 23-, or 25-gauge incisions 8 weeks prior, without finding differences between the vitreous entrapment rates obtained in the sclerotomies determined by their use. However, it may be also interesting to analyze, closer to the vitrectomy end, the effect that the incision use may have not only on the rate but also on the amount (grade) of the sclerotomy vitreous entrapment. We resolved to use direct visualization as the evaluation method, given that it is more sensitive than indirect viewing techniques, such as UBM and AS-OCT, for identifying vitreous incarceration.[@b19-opth-7-1471]

In our study, we did not find differences in the postoperative vitreous incarceration rates (G0 vs G1 + G2) obtained in the sclerotomies despite their different uses (dominant-hand probe, nondominant-hand probe, or infusion-line entrance); these results agree with those obtained previously.[@b9-opth-7-1471],[@b26-opth-7-1471],[@b27-opth-7-1471] In turn, we did not find differences in incisional vitreous incarceration grades after vitrectomy (G0, G1, or G2). Therefore, extreme maneuvers performed by the vitreous cutter probe, which would induce a wider dilation of the sclerotomy, do not seem to influence the rate or amount of immediate postoperative vitreous entrapment. Previous studies have not found any effect of incision use on other aspects of sclerotomies after vitrectomy, such as mechanical resistance of wounds[@b28-opth-7-1471] or scleral healing.[@b26-opth-7-1471]

Despite the morphological similarities between human and pig eyes in scleral thickness[@b20-opth-7-1471]--[@b22-opth-7-1471] and vitreous composition,[@b23-opth-7-1471] absolute rates and grades of postoperative vitreous entrapment in sclerotomies obtained with our model should not be considered. The important outcome of our study is the lack of difference in postoperative vitreous incarceration obtained between the incisions compared. It would also be interesting to analyze the influence of sclerotomy use on vitreous incarceration in human eyes.

The use of this animal model allowed us to evaluate the sclerotomies in the immediate postoperative period, unlike human studies, in which UBM was performed around 2 months after surgery.[@b9-opth-7-1471],[@b26-opth-7-1471],[@b27-opth-7-1471] We considered it useful to examine the sclerotomies shortly after the vitrectomy was finished, given that the vitreous incarcerated in the first days after the operation is related to postvitrectomy endophthalmitis.[@b15-opth-7-1471] The time gap between vitrectomy and UBM exploration may alter the presence of the early postvitrectomy incisional vitreous, making results less reliable.

In view of our results, different uses of sutureless oblique sclerotomies (vitreous cutter, illumination-probe, or infusion-line entrance) in our animal model do not seem to influence incisional vitreous incarceration after vitrectomy, and therefore it may not be necessary to take any special care during or after surgery with any of the sclerotomies according to their use. If these results were confirmed in human eyes, it may not be necessary to perform a more intense vitrectomy around any of the incision sites based on use.

Our animal model may become the basis for future studies to analyze the influence that other factors may exert on incisional vitreous incarceration after vitrectomy, such as the presence of incisional leakage after cannula removal, the performance of additional surgical maneuvers (resection of retinal vasoproliferative tissue or macular membrane peeling), the length and angle of the scleral tunnels, the shape of the sclerotomies (linear or V-shaped incisions), the presence of residual vitreous inside the eye after the vitrectomy, and the intraocular pressure value during cannula extraction. In spite of our visualization method being more sensitive than other indirect-viewing techniques (UBM and AS-OCT) in the detection of vitreous incarceration,[@b19-opth-7-1471] cutting the eyes could raise the intraocular pressure, increasing the amount of vitreous incarceration and making results less reliable. Therefore, in future studies, it would be interesting to analyze the presence of vitreous entrapment by another direct-viewing method, such as inserting a 23-gauge endoscopic video probe through any of the sclerotomies previously created; this technique would not increase intraocular pressure.
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![Eyes were cut and divided in two portions. We first performed a penetrating incision parallel to the limbus with a scalpel (top); then, we completed the cut around the globe with Westcott scissors (center); finally, slit-lamp photographs of the internal sides of the sclerotomies were taken (bottom).](opth-7-1471Fig1){#f1-opth-7-1471}

![Sclerotomy slit-lamp photographs. The top photo was identified as absence of vitreous entrapment (grade 0), the center photo was classified as presence of delicate vitreous strands directed to the inner hole of the incision (grade 1), and the bottom photo was classified as existence of thick vitreous strands aimed toward the sclerotomy (grade 2).](opth-7-1471Fig2){#f2-opth-7-1471}

![Proportion of vitreous incarceration grades (G0, G1, G2) in sclerotomies, according to the sclerotomy used (vitreous cutter-probe entrance, light-probe entrance, or infusion-line entrance entrance).](opth-7-1471Fig3){#f3-opth-7-1471}
